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The discovery potential of the CMS detector at the LHC for the Standard Model Higgs boson is
discussed. The full simulation of the detector is used and many possible sources of systematic uncer-
tainties are considered. The results show that the Standard Model Higgs can be discovered with about
15 fb-1.
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1 Introduction
The Large Hadron Collider (LHC) is designed to collide proton beams at the center of mass energy of 14 TeV.
The Compact Muon Solenoid (CMS) is one of the two general pourpose detectors which will take data at the LHC.
One of the main goals of CMS is the search for the Higgs boson. In this report, the CMS discovery potential for
the Standard Model Higgs is discussed.
2 Higgs boson production and decay
In the Standard Model the Higgs boson mass is a free parameter of the theory. Theoretical constraints on it
come from consistency conditions on the model and strongly depend on the energy scale up to which the Standard
Model has to be consistent. On the experimental side, the direct searches at the LEP experiments set a lower bound
at 114.4 GeV/c2 on the Higgs mass [1] while the combination of all the available electroweak measurements gives
an indirect upper limit of 144 GeV/c2 at 95%CL [2].
The dominant Higgs production mechanism over the whole Higgs mass range at the LHC will be the gluon-gluon
fusion process mediated by top and bottom quarks loops. Other production mechanisms are the W and Z boson
fusion processes, which become competitive for large Higgs masses, the Higgs-strahlung off W and Z and the
Higgs production in association with quarks.
For mH <140 GeV/c2 the Higgs boson mainly decays into bb and τ+τ− pairs with branching ratios approximately
of 85% and 8% respectively. Since at the LHC these nal states will be covered by the huge QCD backgrounds, in
this mass region the decay into photon pairs is important despite the low branching ratio ( ∼ 2× 10−3). For Higgs
masses above ∼140 GeV/c2 the main decay modes are those into WW and ZZ pairs, being one of the bosons
off-shell below the corresponding kinematical threshold.
3 Searches for the Higgs boson at CMS
The CMS discovery potential for the Standard Model Higgs has been investigated using the full simulation
of the detector. NLO cross sections for both signal and backgrounds have been used. The signicance has been
calculated using the poissonian statistics including all the systematic uncertainties. More details on all the analyses
presented here can be found in [3].
H→ γγ is the main channel for the discovery of the Higgs boson at masses below ∼140 GeV/c2. The challenge
here is the low branching ratio and therefore the small signal rate. Large backgrounds come from prompt photon
pairs produced by quarks and gluons in the initial state, from one or two jets which fake the photon signature and
from Drell Yan production of electron pairs. The signal signature is two high ET isolated photons which can be
well identied experimentally and the Higgs boson can be detected as a narrow peak above a large background.
Since the Higgs width is well below 1 GeV at low masses, the energy resolution of the electromagnetic calorimeter
is crucial: the goal for the constant term of the CMS ECAL is 0.5% [4]. The fake photon signals due to pi0 → γγ
decays can be rejected by photon isolation and using shower shape variables in the electromagnetic calorimeter.
With a cut-based analysis the Higgs boson can be discovered in this channel with a 5σ signicance from the LEP
limit to mH=140 GeV/c2 with an integrated luminosity lower than 30 fb−1; even better results are obtained using
more rened analyses, making use e.g. of neural networks. The Higgs mass can be estimated in the γγ channel
with a statistical precision from 0.1% to 0.2% with an integrated luminosity of 30 fb−1.
Due to its very clean signature with 4 isolated leptons in the nal state, H→ZZ(∗) →4l is considered the golden
mode for the discovery of the Higgs boson. The backgrounds to this channel are ZZ (∗), tt and Zbb productions,
which can be suppressed in an efcient way by some requirements on the leptons isolation, transverse momentum
and invariant mass and by requirements on the event vertex. The Higgs discovery in the ZZ channel is possible
with an integrated luminosity of 10 fb−1 in the whole range of masses between 130 and 500 GeV/c2, apart for the
small region around mH ∼165 GeV/c2. The Higgs mass can be measured with a precision between 0.1% and 2%
with an integrated luminosity of 30 fb−1 depending on its value.
In the mass region 2mW < mH < 2mZ the Higgs branching ratio into WW is close to one; this makes H→WW
the discovery channel in this region. The signature is two charged leptons and missing energy. Since the mass
peak can not be reconstructed due to the neutrinos in the nal state, the accurate knowledge of all the possible
backgrounds is needed. The main backgrounds are WW , tt and W + jets productions. They can be reduced by
requirements on the leptons momentum and isolation, by a jet veto and exploiting the small opening angle between
the two leptons which is due to spin correlations. The Higgs boson can be discovered in this channel with a 5σ
signicance with less than 10 fb−1 in the 150<mH <180 GeV/c2 region.
The inclusive channels discussed above can combined with others in which the Higgs boson is created via vector
bosons fusion. The latter have a quite clear topology due to the presence in the nal state of two forward jets which
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Figure 1: Left) Signal signicance as a function of the Standard Model Higgs mass for 30 fb−1 of integrated
luminosity. Right) Integrated luminosity needed for the 5σ discovery of the Standard Model Higgs as a function of
the mass. For the γγ channel results are shown both for a cut based analysis and for an optimized analysis based
on neural networks [3].
Figure 2: Statistical precision of the Higgs boson mass measurement for 30 fb−1 of integrated luminosity [3].
can be used to discriminate against the QCD backgrounds; despite the lower production cross section therefore
they can be usefully exploited to enhance the Higgs signicance and to measure the Higgs couplings. The global
results are shown in gure 1. On the left, the signal signicance for an integrated luminosity of 30 fb−1 is given as
a function of the Higgs mass; on the right, the integrated luminosity needed for the 5σ discovery is shown. In the
whole available range of masses the signicance is larger than 5σ with an integrated luminosity of about 15 fb−1;
5 fb−1 are enough for the discovery in the range of masses between 140 GeV/c2 and 450 GeV/c2. In gure 2 the
statistical precision of the Higgs mass measurement for 30 fb−1 is shown for the inclusive channels pp→ H + X ,
H → γγ and H → ZZ → 4l. For masses lower than 200 GeV/c2 the statistical precision is better than 0.1%.
4 Conclusions
The CMS Collaboration has shown that the discovery of the Standard Model Higgs boson is possible with an
integrated luminosity of about 15 fb−1 in the whole Standard Model mass range.
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